Modern composite materials constitute a significant proportion of the engineered materials market ranging from everyday products to sophisticated niche applications. While composites have already proven their worth as weight -saving materials, the current challenge is to make them machinable with minimum tool wear. In this study an attempt has been made to fabricate Glass fibre reinforced composites using hand moulding techniques and test its machinability based on delamination and tool wear using Ti-Nimate Coated Carbide and Ti-Carbonitride K10 end mill. The experiment was conducted in Vertical Machining Centre using Taguchi L8 orthogonal array. The test results showed that Ti-Carbonitride causes less damage to material during milling of glass fibre reinforced plastics (GFRP), whereas Ti-Nimate Coated Carbide has less tool wear at high speed, feed and depth of cut.
Introduction
Glass fibre reinforced plastics (GFRP) are increasingly being used for varieties of engineering application from automotive to air craft components due to their superior advantages when compared to the other engineering materials. The advantages include high strength to weight ratio, high fracture toughness and excelled corrosion and thermal resistance. Even though GFRP parts may be produced by moulding process, they require further machining to facilitate dimensional control for easy assembly and control of surface quality for functional aspects. The machinability of composite materials is influenced by the type of fibre embedded in the composite and more particularly by the mechanical properties. On the other hand, the selection of cutting parameters and the cutting tool are depended on the type of fibre used in composite and which is very important in the machining process (Santhanakrishnan et al., 1988; Hull, 1996; Edwards, 1998; Paulo and Reis, 2005) .
With increasing application, economical techniques of production becoming vital to achieve fully automated large scale manufacturing cycles. An important aspect of production technology is machining. There is significant difference between the machine of conventional metals and there alloys and that of composite materials. This is because FRP composite or anisotropic, in homogeneous, and are mostly prepared in laminate form before undergoing machining process. To process these materials better by machining, i.e., in order to achieve clean cut surface without any fibre pullout, delamination, burring, or fuzzing, there is a need to develop a model of the machining of composite. While there has been a considerable amount of literature on the various aspects of machining of metals, only a limited amount of literature exist on machining of FRP composite (Kadi, 2006; Palanikumar et al., 2008; Pandurangadu et al., 2010) .
Machining of FRP parts includes tuning, drilling, milling, grinding and the like. Machining may also been desirable for making high precision components form standard shapes, prototype development and the production value is not large enough to justify the investment for mould and moulding equipment. Hence there has been an increased demand for machining of FRP in recent years (Mohan et al., 2007; Rubio et al., 2008) .
The delamination that occur during milling severely influence the mechanical characteristics of in and around the slot. In order to avoid these problems, it is necessary to determine the optimum conditions for a particular machining operation. In order to understand the effects of process parameters on the delamination, a large number of machining experiments have been performed and analysed mathematical models to be build on the same. Modelling of the formation of delamination is highly complex and expensive. Hence, empirical by statistical approaches are widely used over the conventional mathematical models. In this paper, an approach based on the Taguchi method is used to determine the desired optimum cutting and material parameters for minimised appearance of delamination (Sreejith, 2000; Khashaba, 2007) .
Machining composite materials is a rather complex task owing to its heterogeneity, heat sensitivity, and to the fact that reinforcements extremely abrasive. Conventional machining methods should be adopted in such a way that they diminish thermal and mechanical damage. Drilling is a frequently practiced machining process in industry owing to the need for component assembly in mechanical pieces and structures. The drilling of laminate composite material significantly affected by the tendency of this material to delaminate and the Fibres to bond from the matrix under the action of machining forces (Velayudham, 2007; Karnik, 2008; Rajamurugan, 2013) .
Milling process is classified as material removal process. This process and its machine tools are capable of producing complex shapes such as stepped cavity or tapped hole with the use of multi-tooth, as well as single point cutting tool. In the milling process, a multi tooth cutter rotates along various axes with respect to the workpiece. Wear on the flank of a cutting tool is caused by friction between the newly machined workpiece surface and the contact area on the tool flank. Because of the rigidity of the workpiece, the worn area referred to as the flank wear land, must be parallel to the resultant cutting direction. The width of the wear land is usually taken as a measure of the amount of wear and can be readily determined by means of a toolmaker's microscope. In the end, excessive flank wear will be lead to poor surface texture, inaccuracy and increasing friction as the edge changes shape (Tsao, 2008: Raj and Elaya Perumal, 2010; Ashok et al., 2013; Babu et al., 2015; Shunmugesh et al., 2016; IGI Global, 2017) .
It has been found that there has been a substantial research work carried out in the field of Fibre Reinforced Plastics. It is also gives us clear view the use of FRP composites has been increasing considerably and it is estimated to increase further with new technologies in the field of Manufacturing and material Science.
Since drilling is considered to be the most common machining and because of which most of the research work is seen in this area. But now with the need for more machining operation other than drilling has necessitated the study of milling operation. But it is found that there are some drawbacks that occur during drilling or milling of FRP Composites such as delamination, tool wear, fibre pull out etc. These drawbacks can be reduced by proper selection of FRP material, tool materials and with proper cutting parameters for machining the component. Based on the above literature survey an experiment has been proposed keeping the above parameters in view.
Experimental procedure

Materials, tools and experimental setup
The composite materials used in the tests is made with alternative layers of Woven Fabric Mat and Polyvinylchloride sheet fabricated using Hand-layup procedure with 5 mm thickness (10 lay-ups ) having a fibre orientation of 0/90°.
Properties of epoxy:
• Density1.11 -1.4 (Mg m^3)
• Hardness 80 -110 (Rockwell M)
• Tensile strength 28 -91 (Mpa)
• Tensile Modulus 2.4 (Gpa)
• Flexural strength 80 (Mpa)
• Structural modulus 3.5 (Gpa)
• Strain to failure 4 -7 (%)
• Coeff. Of thermal expansion 8.1 -11.7 (10^-6 K^-1)
• Heat distortion temp 110 -150 (•c) The experiment have been carried out in the laminate plate using K10 end mills of TiNamite coated carbide tools and Titanium Carbonitrate Coated tool as shown in the Figure 1 , having a diameter of 10 mm with four flutes. A Vertical machining centre with 10 kw spindle power and a maximum spindle speed of 8000 rpm was used to perform the experiments.
Composition of GFRP composite
Taguchi method
Taguchi's method has been used widely in engineering analysis. These techniques consist of a plan of experiments with the objective of acquiring data in a controlled way, executing these experiments, in order to obtain information about the behaviour of a given process. A Taguchi design, also known as an orthogonal array, is a fractional factorial matrix that ensures balanced comparison of levels of any factor. A L8 orthogonal array was selected for the experiment as shown in Table 1 . The machining was performed as per Taguchi plan of experiments. Three factors with two level designs were chosen for optimising the machining parameters with separate tool for each set of experiments. Factors chosen were speed, feed and depth of cut for two different tool material based on hardness.as shown in Table 2 . 
Measurements
Video measuring system (VMS)
The measurement for delamination and tool wear were made using Video measuring System. The system with the following specifications was used for measurement 
Measurement of delamination
The set-up for measurement of delamination using VMS was done. The computation of the delamination was done by the measurement of the maximum width of damage (Wmax) suffered by the material, the damage normally assigned by delamination factor (Fd) was determined. This factor is defined as the quotient between the maximum width of damage (Wmax), and the width of cut (W). The value of delamination factor was computed by capturing the image of each slot after machining using VMS and the measuring the width of the damage individually. The measurement of delamination was done with a aim to find the combination of factors that influence the delamination using Taguchi and ANOVA and to achieve the machining conditions that would result in minimum delamination. A series of experiments were conducted using vertical machining centre at various cutting conditions and parameters. The factors and levels were chosen which has significant contribution. Tables 3 and 4 show the value of delamination for the corresponding machining parameters. 
Measurement of tool wear
The wear of the flank affects the dimensional accuracy of the machine components, results in the formation of a wear land. Wear land formation is not always uniform along the major and minor cutting edges of the tool. The end cutting edge and side cutting edge meet at a point (called the nose) and has certain radius. The nose radius largely affects the roughness of the machine surface. This necessitates the study of tool wear for obtaining better surface finish. Flank wear most commonly occurs from abrasive wear of the cutting edge against the machined surface. Flank wear can be monitored in production by examining the tool or by tracking the changes in size of tool or machine part. In this study the tool wear is measured after performing each trial run using VMS by comparing the changes in size of flank with reference to its initial size. Tables 3 and 4 show the value of tool wear for the corresponding machining parameters.
Results and discussion
The results of the milling tests allowed the evaluation of the GFRP composite material manufacture by hand-layup, using two different coated carbide K10 end mills. The Machinability was evaluated based on delamination and tool wear. Table 5 illustrates the results of Taguchi analysis (S/N ratio) of the delamination in the GFRP laminate for the two different carbide end mills using the approach of smaller is better and whereas the Table 6 shows the results of means for delamination for both the tool material.
Influence of the cutting parameters on the delamination based on S/N ratio
From Tables 5 and 6 it can been seen that the factor depth of cut is the most significant factor T the factor feed is the next most significant factor and the factor speed make a less contribution to the overall machining. Thus from the below analysis the factor depth of cut is the most significant factor.
From Figure 2 it can be observed that for the tool materials Ti-N the decrease in delamination is associated with increase in speed, decrease in feed value and with increase in depth of cut. Table 5 Response for signal to noise ratios for the delamination: (a) Ti-Namite carbide K10 end mill and (b) Ti-Carbonitrate K10 end mill From Figure 3 it can be observed that for the tool materials Ti-C the decrease in delamination is associated with increase in speed, decrease in feed value and with increase in depth of cut. Thus both the tools are associated with the same factor for improving the machinability with respect to delamination factor. From Figure 5 it can be observed that the means of the value show that a lower speed, higher feed and depth of cut results in decrease in S/N ratio for the tool materials Ti-C. Further from the interaction plot it can be observed that the interaction of the factors is least significant for delamination in case of both the type of tool materials. Table 7 illustrates the results of Taguchi analysis (S/N ratio) of the Tool Wear in the GFRP laminate for the two different carbide end mills using the approach of smaller is better and whereas the Table 8 shows the results of means for delamination for both the tool material. From the Table 7 it can been seen that the factor Speed is the most significant factor, the factor depth of the cut is the next most significant factor and the factor feed make a less contribution to the overall machining. Thus from the below analysis the factor speed is the most significant factor for both the tool material. From the Table 8 it can been seen that the factor depth of cut has higher mean value for Ti-N tool material and the factor speed has higher mean value for Ti-C tool material. The factor speed is the next most mean for Ti-N tool material and whereas for Ti-C tool material the factor feed play a vital role. The factor feed make a less contribution to the overall machining for Ti-N tool material and whereas for Ti-C material the factor depth of cut is the least significant.
Influence of the cutting parameters on the tool wear based on S/N ratio
From Figure 6 it can be observed that for the tool materials Ti-N the decrease in Tool Wear is associated with increase in speed and depth of cut. Whereas the feed does not affect the process much. From Figure 7 it can be observed that for the tool materials Ti-C the decrease in Tool Wear is associated with decrease in speed and depth of cut. Whereas the feed does not affect the process much. Thus both the tools are associated inversely with the same factor for improving the machinability with respect to Tool Wear. From Figure 8 it can be observed that the means of the value show that a lower speed, feed and lower depth of cut results in decrease in S/N ratio for the tool materials Ti-N.
From Figure 9 it can be observed that the means of the value show that a higher speed, feed and higher depth of cut results in decrease in S/N ratio for the tool materials Ti-C. Further from the interaction plot it can be observed that the interaction of the factors is least significant for delamination in case of both the type of tool materials. Table 9 illustrates the results of analysis of variance of the delamination in the GFRP laminate for the two different carbide end mills with a confidence interval of 95% and using adjusted sum of squares approach. From Table 9 , it can been seen that the factor Speed makes physical and statistical significance factor. Thus from the below analysis the factor speed is the most significant factor for both the tool material.
Influence of the cutting parameters on the delamination based on ANOVA
From Figure 10 it can be observed that an increase in speed, decrease in feed and increase in depth of cut cause more damage in the form of delamination to the GFRP laminate. Table 10 illustrates the results of analysis of variance of the delamination in the GFRP laminate for the two different carbide end mills with a confidence interval of 95% and using adjusted sum of squares approach. From Table 10 it can been seen that the factor feed makes physical and statistical significance for both the tool material. Whereas depth of cut plays a less significant role in Ti-N tool, the factor speed plays a less significant contribution. Thus from the below analysis the factor feed and depth of cut is the most significant factor for Ti-C tool as the error associated with it is less than 0.5%.
From Figure 11 it can be observed that an increase in speed, increase in feed and increase in depth of cut cause more damage in the form of surface finish to the GFRP laminate because on increased tool wear for Ti-N tool material. Whereas for Ti-C tool material an decrease in speed, decrease in feed and increase in depth of cut cause lees damage in the form of surface finish to the GFRP laminate because on decreased tool wear. 
Concluding remarks
An experimental approach to the evaluation of delamination caused by two different coated K10 end mill namely Ti-Nitrite coated and Ti-Carbonitrate coated carbide K10 end mill using design of experiments was proposed in this study. The tool wear caused by machining of the GFRP laminate was also studied using design of experiments The results showed that the factor depth of cut cause more damage to material for both the tool materials owing to the fact that increase in depth cause more fibre pull out and interfacial laminate damage, whereas delamination decreases with feed rate and increases with speed. In case of Ti-Carbonitrate tool causes less damage to material during milling of GFRP when compared to Ti-Nimate tool material. An increase in Speed causes more tool wear in case of Ti-Namite tool and decreases wear for Ti-Carbonitrate, whereas Ti-Namite tool is capable of withstanding wear at high speed, feed and depth of cut when compared to Ti-Carbonitrate. From the ANOVA table it is found that the factor speed plays a statistical and physical significance in case of delamination of GFRP composite while milling using both the tool materials. The factor feed plays a statistical and physical significance for tool wear in case of Ti-Nimate tool and depth of cut in case of Ti-Carbonitrate in milling of GFRP composite. Normally machining of composites will result fluctuating load inflicting chipping and related tool tip failures of the coatings. This is also reflected in the observed better performance of the TiN coating. TiN coating is more tenacious thus causing more damage and less wear.
